Abstract: A novel, simple, one-pot synthesis of 2,4-diaryl-9H-pyrido[2,3-b]indoles is described. Heating a mixture of chalcone, oxindole and ammonium acetate in the presence of potassium tert-butoxide under solvent-free conditions afforded the title compounds in good to excellent yields.
Introduction
Pyrido [2,3-b] indoles (α-carbolines) have attracted considerable attention due to their occurrence in carcinogenic metabolites, biologically active compounds and natural products [1] [2] [3] . Some synthetic pyrido [2,3-b] indoles including 1 are γ-aminobutyric acid (GABA) modulators with potential as therapeutic agents for the treatment of anxiety disorders [4] . Recently, some of related compounds have shown activity against Alzheimer's disease, Parkinson's disease, cerebrovascular accidents, amyotrophic lateral sclerosis, viral infections and autoimmune diseases [5, 6] . Some compounds are antidepressant and antineoplastic agents [7, 8] . Pyrido [2,3-b] indoles can be synthesized by reaction of α-oxoketene dithioacetal with 1-methyl-2-oxoindole enolate anion and subsequent cyclization of the adduct in the presence of NH 4 OAc [9] , reaction of 2-aminoindole with 3,3-dimethoxy-2-formyl-propionitrile sodium salt [10] , reaction between 2-aminoindole and acetylenic esters [11] , condensation of 2-amidinylindole-3-carbaldehyde with acetophenone [12] , cyclization of 1-methyl-3-(2-carbomethoxyethyl)-2-iminoindoline [6] , cross coupling of ortho-pivaloylaminophenyl-ortho′-halopyridine [13] , intramolecular [4 + 2] cycloaddition-elimination of 3-(2-ethynylphenylamino)-2(1H)-pyrazinone [14] , intramolecular hetero-Diels-Alder cycloaddition-aromatization of ortho-vinyl C=C-conjugated arylcarbodiimide [15] and pyrolysis of 1-benzylpyrazole with chloroform [16] . Several of these multi-step methods have drawbacks such as not easily accessible starting materials, low overall yields, harsh reaction conditions, long reaction times and use of toxic and hazardous starting materials, reagents and/or solvents.
As part of our ongoing program to develop new facile methods for the preparation of biologically active heterocyclic compounds from readily available building blocks [17] [18] [19] [20] , we report herein a simple one-pot synthesis of 2,4-diaryl-9H-pyrido [2,3-b] indoles.
Results and discussion
Heating a mixture of oxindole 2, chalcone 3 and ammonium acetate in the presence of a catalytic amount of potassium tert-butoxide under solvent-free conditions produced the 2,4-diaryl-9H-pyrido [2,3-b] indole 4a-h in 82-90% yield (Scheme 1). The reaction was carried out by mixing the oxindole and the chalcone, then adding a catalytic amount of t-BuOK, stirring the mixture at 150°C for 5 min to form an oily mixture, followed by treatment with an excess of NH 4 Finally, intramolecular cyclization of 7 followed by tautomerization and oxidation of 8 affords the product 4.
Conclusion
A solvent-free reaction between oxindole 2, chalcone 3, and ammonium acetate in the presence of potassium tertbutoxide provides a simple one-pot approach to the synthesis of a substituted pyrido [2,3-b] indole. Use of simple starting materials, good atom economy, short reaction time and good yield of the product are the main advantages of this method.
Experimental
Oxindoles and potassium tert-butoxide were obtained from Merck (Germany) and Sigma-Aldrich (USA). Chalcones were prepared according to the literature procedure [26] . Melting points were measured on an Electrothermal 9100 apparatus. Elemental analyses for C, H and N were performed using a Heraeus CHN-O-Rapid analyzer. Mass spectra were recorded on an Agilent Technologies HP 5973 mass spectrometer operating at an ionization potential of 20 eV.
1 H NMR (250.1 MHz) and 13 C NMR (62.9) spectra were measured with a Bruker DPX-250 spectrometer in CDCl 3 with TMS as an internal standard. IR spectra were recorded in KBr pellets on a Shimadzu IR-460 spectrometer.
General procedure for synthesis of 4a-h
A mixture of an oxindole (1.0 mmol), a chalcone (1.0 mmol) and potassium tert-butoxide (0.034 g, 0.3 mmol) was stirred at 150°C for 5 min and the resultant oily mixture was then treated with ammonium acetate (0.154 g, 2.0 mmol) over 4 min and stirred at 200°C for an additional 30 min. The resultant yellowish liquid solidified upon cooling to room temperature and was crystallized from a mixture of EtOAc/n-hexane (1:1). Methoxyphenyl)-2-phenyl-9H-pyrido[2, 3-b 
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